In order overcome the limitations of current QoS schemes, QoE approaches have been introduced. Trends in QoE-based solutions are creating a new paradigm regarding humanbased quality level support in WMNs. QoE measurement operations can be used as an indicator of how a WMN environment meets the end-user needs. Researches on assessment schemes, control mechanisms and wireless resource management approaches based on QoE are being developed and will used as an extension to current QoS solutions (Yamada et al., 2007) (Monteiro & Nunes, 2007) (De Vleeschauwer et al., 2008) .
Fig. 1. A Generic Wireless Mesh Network
In this context, the development of an efficient and wise QoS/QoE-based routing scheme is one important challenge for the success of emerging multimedia-aware WMNs. Additionally, novel routing solutions must support a cross-layer approach to improve the overall system performance. Other issues that aim to provide quality level support in WMNs include new admission control, load-balance, resource reservation, overprovisioning, and cognitive radios mechanisms. In this chapter, an overview of the most relevant challenges and trends in WMNs (focused on IEEE 802.11s) in terms of routing, cross-layer, QoS, and QoE support will be addressed. Due to the importance of routing schemes on optimization operations, a particular attention will be given in this area. To assist on explaining of such challenges, different approaches on QoE and QoS issues will be discussed. In order to show the benefits of cross-layer routing solutions on WMNs, simulation experiments were carried out to present the impact of a new routing scheme on the network´s and user´s point of view.
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The remainder of this chapter is organized as follows. Section 2 discusses quality of level issues in WMNs. Cross-layer schemes are described in Section 3. The implementation and validation of a WMNs routing solutions are presented in Section 4. Finally, Section 5 presents the final considerations.
Quality of level support in wireless mesh networks
This section discusses the main approaches to assure quality level support for multimedia applications in wireless mesh networks with focus on QoS and QoE issues.
Quality of service issues
End-to-end quality of service control for fixed and mobile users is a core requirement for the success of emerging wireless systems. This control aims to increase the user satisfaction, while enlarging the revenue to network operators. With this goal in mind, the Internet has been a heavily researched topic in QoS networking for more than one decade. Several QoS models have been proposed with the goal of enriching the Internet with QoS guarantees that the current best effort model cannot support. Each approach defines its own mechanisms and parameters for traffic control and resource management, although usually at different granularities. It is common for a QoS model to be based on the notion of a class as supported by well-know QoS models, such as Differentiated Service (DiffServ), IEEE 802.11e, IEEE 802.16d and Universal Mobile Telecommunication System (UMTS). Trends in last-mile Internet access require new QoS control mechanisms for IEEE 802.11s (mesh networks). However, the end-to-end QoS support in such scenarios is not trivial and is a research challenge. First of all, they must assure the high capacity needs of the access nodes that have to forward the accumulated traffic of their underling users. Moreover, WMNs have to cope with multiple strict QoS requirements of a large number of multimedia applications, including packet delay, throughput, and packet-error-rate. Finally, they must provide a large enough effective communication range to ensure that no Access Point (AP)s (or groups of APs) are isolated from the Internet gateways. In order to satisfy the above requirements, a set of novel QoS techniques needs to be exploited, such technology enablers include but not limited to multi-hopping, various multiple antennas techniques, novel Medium Access Control (MAC), resource reservation, over provisioning, admission control schemes and routing, where the last one will be explored in this chapter. Another issue to be investigated in WMNs is that most of current works on QoS-aware protocols for WMNs are mainly based on a layered approach. This layered model led to the robust scalable protocols in the Internet and it has become the de facto architecture for wireless systems. However, the spatial reuse of the spectral frequency, the broadcast, unstable and error prone nature of the channel and different operational time scales for protocol layers, make the layered approach sub-optimum for the overall system performance of WMNs. For instance, bad resource scheduling in MAC layer can lead to interference that affects the PHY layer performance due to reduced signal-to-interference-plus-noise-ratio (SINR) and ultimately deteriorates the overall network performance. Local capacity optimization with opportunistic scheduling techniques that exploit the multi-user diversity may increase the overall outgoing transceiver's throughput but they can also generate new bottlenecks in several routes in the network. Moreover, imprecise impact estimation of newly admitted applications on existing ones running in the network may jeopardize all ongoing QoS-aware services.
As described above, limitations of layered architectures are stimulating the development of a new WMN cross-layer design. In a cross-layer paradigm, the joint optimization of control over two or more layers can yield significantly improved performance. In general, QoS implementations for WMNs can be classified based on network layered schemes (Gavrilovska & Atanasovski, 2005 (Clausen & Jacquet, 2006) routing protocol with QoE support as will be evaluated in Section 4 and presented in next section; -Application Layer: Application layer QoS schemes aim to improve the distribution of multimedia content, by adapting sessions to the current network conditions; -Cross-layer: Improves the overall system performance, by optimizing wireless resources and services based on information about more than one layer. Recent advances in WMNs have introduced routing schemes as attractive solutions to provide end-to-end quality level control in such multi-hop scenarios. The number of hops was the first criteria adopted by traditional routing protocols. However, it is clear that these approaches are not suitable for multimedia applications, such as real-time video streaming, which require strict QoS guarantees. Routing protocols need to be aware of the overhead caused by information exchange. This process generates traffic to gather routing information and therefore, it consumes bandwidth. In addition, mainly in the WMNs, the interference caused by the data and control frames transmitted also consumes bandwidth. Therefore, WMNs routing protocols need to minimize the amount of state information exchanged and also maximize the network throughput by using an appropriate selection process of the best path. The best path can be defined by using a set of QoS and QoE parameters. There are three strategies to gather such information in WMNs: -Proactive: each node maintains updated information about network topology in routing tables through the constant exchange of routing information. This information is transmitted by flooding on the network. When a source node needs to establish a route to the destination node, the route is selected by an appropriated algorithm based on the exchanged information; -Reactive: protocols that belong to this category do not exchange routing information periodically, but gather routing information on-demand when it is required and therefore, a process of route discovery is started among involved nodes; -Hybrid: this approach has advantages from both proactive and reactive protocols. Therefore, it reaches a good balance between proactive and reactive protocols. In addition, a hybrid protocol can be adaptive to a wide range of network characteristics (e.g., mobility and traffic patterns) and to optimize routing layer parameters for the different applications. The implementation of routing schemes in WMNs is a hard task, but several solutions have been proposed. Among them, the OLSR protocol (Clausen & Jacquet, 2006) which uses a routing table obtained through the exchange of messages, between nodes, about the network conditions. A benefit of the OLSR protocol from the QoS perspective is its proactive nature that allows routes to be available before the source need to start a packet flow control to a destination. Another advantage of the OLSR protocol is that route computation is performed by using the knowledge about the entire network. However, the hop count metric used by OLSR is unable to support QoS, because paths are selected based only on the number of hops (no well-know QoS metrics are used) along the session path. In this context, some extensions were developed for OLSR protocol, which are based on other link quality metrics. Among them, the OLSR Expected Transmission Count (ETX) and Minimum Delay (MD) are well-know metrics and will be presented below. The OLSR extension based on ETX metric proposed in (De Couto et al., 2003) aims to find routes with the lowest expected number of transmissions that are necessary to ensure that a package can be delivered and has its arrival confirmed by the final destination. Other approach is the OLSR-MD (Cordeiro et al., 2007) that measures the link delay, calculating it through the Ad hoc Probe technique. Therefore, the calculation of the routing table can be based on the delay calculated to each neighboring node. Hence, in the OLSR-MD protocol the route selection between the current node and any other node in the network will have as criteria the lowest sum of the different transmission delays of all links along the path. The OLSR-Dynamic Choice (OLSR-DC) extension (Gomes et al., 2008) aims to provide QoS support, giving different treatment to traffic from applications that use TCP and UDP, using the ETX metric for routing TCP packets and MD metric for routing UDP of packets. The protocol can also decouple the routing of TCP and UDP packets, this is achieved due to each packet be routed according to the metrics that best reflect their needs. This protocol was used as basis for the OLSR-FLC (Fuzzy Link Cost), since the proposed FLC is based on metrics that express the characteristics relevant to multimedia traffic. We can also configure FLC to route only UDP packets usually used for multimedia applications. Comparing the previous solutions, OLSR-FLC seems to be the most suitable approach to guarantee the quality level support for multimedia applications in WMNs and will be explored and evaluated in this chapter. This novel cross-layer version uses a fuzzy logic to build a fuzzy system that aims to solve the problem of using multiple metrics for routing. The proposed fuzzy system has as base the values of the ETX and MD metrics collected from the network to define the FLC, which are used to route packets. TCP packets are still routed based on the ETX metric, as occurs with the OLSR-DC protocol. A detailed description of the OLSR-FLC can be found in . A major challenge regarding QoS-aware systems, including WMN routing schemes, is the lack of solutions to assure quality level control for applications according to the user´s perception. Traditional measurement schemes on the network can be used to estimate the impact of the quality of a media, such as video, but do not represent the entire set of metrics that will enable the management end-to-end quality-focused user's experience. Network statistics alone do not represent the perception of the user (Siller & Woods, 2003) . Current techniques that aim to maximize the quality level of multimedia services on a network are centralized in the aspects of QoS-based schemes that define a set of control operations and measurement, at the network level and packages to ensure the distribution of multimedia content in wired and wireless, with an acceptable level of quality (Zapater & Bressan, 2007) . However, existing QoS metrics such as package loss rate, delay and www.intechopen.com Wireless Mesh Networks 132 throughput, are typically used to indicate the impact of the quality of a video (or any media) from the viewpoint of the network, but not reflects the situation experienced by the user. Consequently, these QoS parameters fail to capture the subjective aspects associated with human perception. In order to overcome the current limitations of networks in their schemes of QoS for multimedia applications, considering the aspects of human perception and subjectivity related to the approach of QoE has been introduced (Takahashi et al., 2008) , as characteristics of feelings, perceptions, views of users and how they interact with their environments and can be enjoyable and fun or annoying and frustrating .
Quality of experience Issues
QoE issues have been creating a new assessment and management paradigm in multimedia systems and gaining a special attention in WMNs. QoE metrics have considered important metrics to measure the quality level of multimedia content based on the user´s perspective (Rowe & Jain, 2005) (De Vleeschauwer et al., 2008) . QoE approaches aim to overcome the limitations of current QoS-aware schemes regarding human perception and subjectiverelated aspects (Jain, 2004) (Klein, 2007) . The emerging of QoE issues required the inclusion of a new user-level (abstraction) layer on Open Systems Interconnection (OSI) and Internet architectures (Siller & Woods, 2003) . This layer can be seen as an extension of the application layer with user´s perception (Bauer & Patrick, 2004) . Therefore, the results of QoE procedures can be used as an extension to the traditional QoS in the sense that QoE provides information regarding the delivered multimedia service from the user's point of view. Hence, QoE procedures can be explored to improve the accuracy of QoS control plane operations and to ensure smooth transmission of audio and video over WMNs. It is important to highlight that QoE results are widely dependent on subjective aspects related with human perception, as well as, user´s location, screen size, hardware and applications (Valerdi et al., 2009) (Bhatti et al., 2000) . For instance, video sequences with different complexities, motions and frame rates will produce different QoE results (Greengrass et al., 2009 ). QoE measurement operations can be used as an indicator of how a networking environment meets the end-user needs. The QoE applicability scenarios, requirements, evaluations and assessment methodologies in multimedia systems have been investigated by several researchers and working groups, such as International Telecommunication UnionTelecommunication Standardization Sector (ITU-T) (ITU-T, 2010), Video Quality Experts Group (VQEG) (VQEG, 2010) and European Technical Committee for Speech, Transmission, Planning, and Quality of Service (ETSI STQ) (ETSI, 2010) . Advances in QoE-aware systems will allow the deployment of new QoS/QoE-sensitive services as well as provide new paradigms for the creation of new protocols, assessment solutions, objective and subjective metrics, routing approaches and overlay networks, such as the deployment of QoE routing schemes and user-aware packet controllers. Nowadays, QoE operations are not fully implemented in end-to-end networking systems due to the high CPU and memory consumption required by current QoE schemes, as well as to the lack of accuracy of in-service quality assessment methods. Usually, only QoE out-service measurement procedures are accomplished to evaluate the quality level of multimedia services WMNs and other systems.
Regarding QoE assessment issues, matching the multimedia quality level by computerized measurement is a research challenge and needs to take as input many factors related with the user´s perception. Multimedia quality evaluation approaches are classified into two main orthogonal criterions as described in the remainder subsections and presented in Figure 2 : (i) the amount of the reference information required to assess the quality and (ii) the measured features based on objectivity/subjectivity (i.e. the way the quality is expressed).
Classification based on objectivity and subjectivity
In general, there are main methods to assess the quality level of multimedia contents, namely objectivity, subjectivity and hybrid. The output of these schemes is useful for QoEaware billing/accounting procedures, assessment solutions and management issues. Subjective metrics assess how audio and/or video streams are perceived by users (Kishigami, 2007) , i.e., what is their opinion on the quality of particular audio/video sequences, as described in ITU-T recommendation BT 500 (ITU-R, 1995). The most popular subjective metric is called Mean Option Score (MOS). The quality level of a video (or audio) sequence based on MOS model is rated on a scale of 1 to 5, where 5 is the best possible score as presented in Table 1 . The MOS values are achieved based on subjective tests and methodologies performed with a set of viewers. For instance, the Single Stimulus Continuous Quality Evaluation (SSCQE) test allows viewers to dynamically rate the quality of an arbitrarily long video sequence using a slider mechanism with an associated quality scale. The drawback of subjective metrics is the fact that they are neither practical nor scalable for real-time multimedia environments. Other approaches are Double Stimulus Impairment Scale (DSIS), Double (Romaniak et al. 2008) Several objective QoE metrics have been developed to estimate/predict (based on mathematical models) the quality level of multimedia services according to the user's perception. Among them, the Peak Signal to Noise Ratio (PSNR) is a traditional objective metric used to measure, in decibels, the video quality level based on original and processed 
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In Equation 1, while Ys(i,j) designates the pixel in the position (i, j) of the original frame, the Yd(i,j) represents the pixel located in the position (i, j) of the processed frame. Based on the MSE definition and on 8bits/sample, the PSNR, in a logarithmic scale, is achieved using the Equation 2. The MSE and PSNR metrics only provide an indication of the difference between the received frame and a reference signal, and do not consider any other important aspects which can strongly influence the video quality level, such as Human Visual System (HVS) characteristics (a detailed analysis of HVS can be found in (Wang et al., 2004) . The Structural Similarity Index Metric (SSIM) improves the traditional PSNR and MSE, which are inconsistent with HVS characteristics, such as human eye perception (Wang et al., 2004) . The SSIM metric is based on frame-to-frame measuring of three components (luminance similarity, contrast similarity and structural similarity) and combining them into a single value, called index. The SSIM index is a decimal value between 0 and 1, where 0 means no correlation with the original image, and 1 means the exact same image. The Video Quality Metric (VQM) method defines a set of computational models that also have been shown to be superior to traditional PSNR and MSE metrics (Revés et al., 2006) . The VQM method takes as input the original video and the processed video and verifies the multimedia quality level based on human eye perception and subjectivity aspects, including blurring, global noise, block distortion and color distortion. The VQM evaluation results vary from 0 to 5 values, where 0 is the best possible score.
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The Moving Picture Quality Metric (MPQM) evaluates the video quality using HVS modeling characteristics (Lambrecht, & Verscheure, 1996) . The input to the MPQM metric is an original video sequence and a distorted version of it. The distortion is first computed as the difference between the original and the distorted sequences. The original and the error sequences are then decomposed into perceptual channels segmented using uniform areas, textures and contours classification.
Reference-based classification
Three different approaches are used to classify video quality assessment methods, based on reference-related video procedures, namely Full Reference (FR), Reduced Reference (RR) and No Reference (NR) (Engelke & Zepernick, 2007) (Garcia et al., 2009 ). The FR approach assumes unlimited access to the original multimedia sequence. This approach uses the video reference to predict the quality level (degradation) of the processed video, by comparing the difference of every pixel in each image of the distorted video with its corresponding pixel in the original video. As consequence, it provides, in general, superior quality assessment performance. The FR method is difficult to implement in realtime networking systems (QoE-aware equipment/monitoring agent) because it always requires the original sequence during the evaluation process (common for offline experiments). Examples of metrics based on an FR approach are PSNR, SSIM and MPQM. For in-service video quality measurements, RR and NR approaches are generally more suitable. The RR approach differs from the FR approach only selected multimedia parameters (or characteristics) are required during quality evaluation process, such as motion information. The set of reference parameters can be transmitted piggy-backed with the multimedia flow or by using a secondary channel. The objective of RR is to be as accurate as the full reference model, although using less network and processing resources. An example of an RR scheme is Video Quality Model (VQM), developed by the National Telecommunications and Information Administrative (NTIA) and reported in (Pinson & Wolf , 2004) . The NR approach tries to assess the quality of a distorted multimedia service without any reference to the original content. This approach is usually used when the coding method is known. NR-based metrics can be used in in-service network monitoring/diagnostic operations, when the original multimedia sequence is not available. The drawbacks of NR metric are the following: (i) low correlation with MOS; (ii) high CPU and memory consumption; (iii) time limitation. An example of NR schemes is the V-Factor model (VFactor 2010) that outputs MOS.
Cross-layer design
The methodology of layered protocol design has been applied for decades in different types of network, for instance, OSI and Internet architectures. In this model, protocols, services and applications are designed without being constrained by each other. Many advantages such as scalability of network size, portability of protocols in different layers, flexibility in protocol design, and so on can be easily obtained in layered architectures. However, advances in emerging networks and heterogeneous systems are changing the traditional layered model. There are many reasons behind the improvement of the layered design as follows: (i) the requirement of service quality is ever-increasing; (ii) the network heterogeneity is much higher than years ago; (iii) the conventional layered architecture is effective for integrating them into the same network, but tile performance is not optimized; (iv) many networks today, especially wireless networks have no dedicated links between nodes. In a wireless network, transmission between two nodes also interferes with other nodes in the neighborhood. Thus, the meaning of ''link" pertained to a conventional wired network does not exist anymore. The capacity of a link is variable and can be fully cross-related with other links. Such inter-dependence in fact breaks the transparency between different protocol layers, where a multi-hop network, such as IEEE 802.11s, is concerned, this problem becomes much more obvious. QoS and QoE support for multimedia application is a good example to explain the need of a cross-layer design, where the end-to-end quality level support over emerging systems involves the cooperation of three layers, namely physical, MAC and network. Therefore, a cross-layer paradigm must be applied to allow a tight communication between layers and improve the system performance (Kozat et al., 2004) . Several networking proposals have created to explore the benefits of cross-layer architectures to increase the network performance (Kawadia & Kumar, 2005) (Bhatia & Kodialam, 2004) (Chiang, 2004) (Kozat et al., 2004) . The design of cross-layer models can be done by using two main approaches as presented in Figure 3 , namely loosely coupled crosslayer design and tightly coupled cross-layer design. In the loosely coupled cross-layer design, the optimization is carried out without crossing layers, but focusing on one protocol layer. In order to improve tine performance of this protocol layer, parameters in other protocol layers are taken into account. Thus, information to one layer must be passed to another layer. Typically, parameters in the lower protocol layers are reported to higher layers. For example (Figure 3a) , the packet loss rate in the MAC layer, or channel condition in the physical layer can be reported to the transport layer so that a TCP protocol is able to differentiate congestion from packet loss. As another example (Figure 3b ), the physical layer can report the link quality to a routing protocol as an additional performance metric for the routing algorithms. It should be noted that information from multiple layers can be used on another layer to perform cross-layer design (Figure 3c ). There are two different ways of utilizing cross-layer information. The first one is the simplest case of cross-layer design, in which the information in other layers works just as one of the parameters needed by the algorithm in a protocol layer. The performance of this algorithm is improved because a better (more accurate or reliable) parameter is used, but the algorithm itself does not need a modification. For example, the physical layer can inform the TCP layer of the channel quality so that TCP can differentiate real congestion from channel quality degradation, and thus carry out congestion control more intelligently. In the second method, based on the information from other layers, the algorithms of a protocol have to be changed. For example, if a MAC protocol can provide a routine protocol information about its performance, the routing can perform multipath routing to utilize spatial diversity. However, the change from single-path routing to multipath routing needs a significant modification to the routing protocol rather than just parameter adaptation.
In the tightly coupled cross-layer design (Figure 3d ), merely information sharing between layers is not enough. In this scheme, the algorithms in different layers are optimized together as one optimization problem. For example (Figure 3d ), for MAC and routing protocols in a multichannel TDMA WMN, timeslots, channels, and routing path can be determined by one single algorithm. Using optimization across layers, it can be expected that much better performance improvement can be achieved by the tightly coupled crosslayer design than the loosely coupled scheme. However, the advantage of the loosely coupled design is that it does not totally abandon the transparency between protocol layers. An extreme case of tightly coupled cross-layer design is to merge different protocol layers into one layer. According to the concept of "layering as optimization decomposition", this kind of design tries to improve network performance by re-layering the existing protocol stack. Merging multiple protocol layers into one layer keeps the advantage of tightly coupled cross-layer design. Furthermore, it can also eliminate the overhead in cross-layer information passing and is a trend in WMNs. Interestingly, merging multiple protocol layers is not just a theoretical concept, but has been seriously considered in real practice. For example, in the IEEE 802.11s, the routing protocol is being developed as one of the critical modules in the MAC layer. Such a merging between routing and MAC layers provides great potential for carrying out optimization across MAC and routing, based on the same algorithm. Recent advances in wireless optimization are attracting researchers and industry to study cross-layer issues for future networks (Chen et al., 2007) . Other cross-layer implementations supporting QoS in wireless system, as well as, load balance techniques can be found in (Pahalawatta et al., 2007) , (Wu et al., 2007) and (Villalon et al., 2007) . It is clear that the cross-layer schemes will be predominant in WMNs, where new quality level mechanisms will be designed and implemented to increase the satisfaction of costumers and optimize the usage of network resources, such as routing protocols.
Performance evolution
As presented before, routing protocols based on QoE aims to optimize the usage of network resources, the system performance and the quality level of multimedia applications in WMNs. Novel QoE-aware cross-layer solutions will be essential for the success of next generation wireless system. In order to show the impact of this kind of solution on the user´s experience, this section presents the behavior of the OLSR-FLC protocol in WMNs, as well as to show the benefits, comparing it with the main well-known extensions of the OLSR protocol, OLSR-ETX, OLSR-MD, OLSR-DC. This cross-layer OLSR extension is based on the dynamic choice of link quality metrics and in a FLC to decide on paths for multimedia packages. We analyzed the performance of the proposal through simulations on Network Simulator (NS-2) (Fall & Varadhan, 2010) , using the scenario shown in Figure 4 , which represents the WMN backbone partiality deployed in the Federal University of Para (UFPA) campus. Table 2 describes the simulation parameters, which try to bring the simulation as close as possible to the considered real network scenario, representing the characteristics of the region and the used equipments. Path Loss Exponent and Shadowing Deviation parameters were used according to the measurements presented in . The routers' carrier sense threshold and transmit power parameters were based on the IEEE 802.11 standard. The other values were used to represent the antennas and the routers used in the WMN at UFPA. Shadowing Deviation 5.4dB Table 2 . Simulation Parameters Twenty simulations were performed using different seeds for each protocol: OLSR, OLSR-ETX, OLSR-MD, OLSR-DC, and OLSR-FLC. Table 3 shows the flow configuration used. All simulations were run for 50 seconds. The configuration of flows aims to balance the flow over the MWN topology and to create a higher competition scenario, between data, audio, and video traffics. Hence, it brings the simulation to a common situation in WMNs, i.e., competition among all kind of flows where each flow has its own characteristics and requirements.
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The simulation experiments comprised 3 VoIP (Voice over IP) calls, that on simulations are characterized by two flows, i.e. 6 UDP flows, 5 TCP-Reno flows and 3 video traffic. The video traffics were evaluated from the experience that the user obtained, through the QoE evaluation metric. The UDP flows have a bit rate of 8Kb/s and 40 bytes (RTP + UDP + Payload) of packet size, in order to represent the G.729 codec (Balam & Gibson, 2007 Table 3 . Flow Configuration
The video traffic was simulated through the Evalvid tool (Evalvid, 2010) that allows the control of the video quality in a simulation environment. Well-know real videos sequences were used, namely "Paris", "Foreman" and "News". These videos have frames in YUV format, which are compressed by MPEG-4 codec and sent at a rate of 30 frame/s. Each frame was fragmented into blocks of 1024 bytes where the packet has a size of 1052 bytes. Well-know objective and subjective QoE metrics are used in the experiments, following the tests proposed by ITU-R (ITU-R, 1995). The subjective QoE metrics evaluate the quality of multimedia applications based on the receiver's opinion, where the MOS was used. The videos were analyzed using the MSU Video Quality Measurement Tool Software (MSU, 2010) . The value of PSNR is expressed in dB (decibels). For a video to be considered with good quality it should have an average PSNR of at least 30dB.
The following tables and figures will demonstrate the simulation results of real video sequences collected from all protocols and based on QoS metrics. The tables show the average values, the highest value, the lowest value and standard deviation values for each protocol. Tables 4 and 5 show the values for the video "Foreman", where Table 4 presents the values of VQM and SSIM metrics and The transmission of the "Foreman" video, flow 7, begins after all the flows start their transmissions, and it starts in a moment of convergence of the protocols, which results in a high difficulty transmission with network congestion. These facts become clear from the data shown in the tables for the "Foreman" Video. Therefore, OLSR-FLC has the best values of QoE metrics, and is the only one which achieves the "Poor" quality while the other protocols obtain a quality considered "Bad", although the protocols OLSR-DC and OLSR-MD have values close to being considered as "Poor".
The Tables 6 and 7 show the values for the video "News", where Table 6 presents the values of VQM and SSIM values and Table 7 the values of PSNR and MOS metrics. The "News" video, flow 8, has the same destination and source as flow 7, "Foreman" video, however, it starts at a different time of the simulation. At this moment the protocols had already passed by the period of convergence, allowing a better choice of routes. We note this by comparing the data of "News" video with the data of "Foreman" video, where the "News" video has better values of QoE metrics. Again OLSR-FLC achieves the best video quality, having a quality considered "Regular", while the other protocols obtain qualities ranging from "Poor" to "Bad". Despite of having a better video quality, OLSR-FLC has a high standard deviation, showing a degree of instability in the quality of the transmitted videos, obtaining values better and of similar quality to the other protocols.
The Figure 8 and 9 show the values for the video "Paris", where Table 8 presents the values of VQM and SSIM values and Table 9 the values of PSNR and MOS metrics. Since the "Paris" video, flow 6, is longer than the other videos, it is transmitted during almost the entire simulation, this means that the transmission has a hard time during the convergence of the protocols at the beginning of its transmission, but most of the transmission occurs after the convergence period. Unlike the other video transmissions, flows 7 and 8, the nodes involved in flow 6 have a clear line of sight, however, with a higher distance between the nodes. This makes that the use of a single hop increase the chance of packet loss, as well as, the use of multiples hops increase the end-to-end delay of the package. Within this reality, the usage of a single metric turns out to be insufficient to find the most appropriate route, because a good video transmission depends not only on small losses, but also on a small delay and jitter. Therefore, we note that OLSR-FLC can adapt to this reality of multiple requirements, which is visible in the tables for the "Paris" video. The OLSR-FLC protocol, as well as, the OLSR-DC protocol, have a video quality considered "regular", however OLSR-FLC reaches values close to "Good" quality level. In other words, because it is based on the OLSR-DC protocol, the OLSR-FLC protocol can better distribute the traffic, but it uses a fuzzy link cost, based on delay and quality of links. This enables the protocol to obtain a better video quality, against the protocols that use only one metric for routing. In some of the existing works, as in , (Gomes et al., 2008) and (Gomes et al., 2009a) , the evaluation of the protocols occurred in scenarios of competition, however, the competition present in these works is small, when compared with the scenario used in this work, due to the quantity of flows used. This evaluation shows that only one metric for routing data and multimedia traffics may not be sufficient to reach acceptable QoS and QoE levels to answer the needs of the traffics, since each one has different requirements. 
Final considerations
Currently, wireless systems, multimedia distribution and quality level control continue to be strong research areas. Trends in these areas are expected to continue with various challenges emerging as a result of new services, protocols, wireless mesh networks, cross-layer schemes, emerging portable devices, changing user and terminal requirements. It is clear that recent advances on QoS/QoE have been allowed the creation of a new ubiquitous wireless multimedia approach in the Internet. WMN routing solutions with QoE support will be essential for the success of multimedia communications, where users will be more satisfied with the received content and mobile operators will be able to increase their billing with the new attractions to clients and the operational costs reduction. However, one of the main challenges is to develop and implement new in-service routing QoE solutions in WMNs. This chapter was intended to highlight important topics in WMNs, QoS, QoE, routing and cross-layer areas that need attention to address some of the most pressing challenges associated with them. We focus on four key areas, where the first one was on QoS, the second one on QoE, the third one on routing and the last on cross-layer issues. Furthermore, in order to demonstrate the behavior of an implementation of a QoE-aware cross-layer routing in WMNs, simulations were carried out. The results show the benefits of the proposed scheme on the user´s perspective, by using well-know QoE metrics.
